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Introduction
It has been consistently found that on average, members of ethnic or racial minorities earn less than those of the majority group. For example, Altonji and Blank (1999) report that blacks earn 21% lower hourly wages compared to whites in the United States in 1995. Similar wage gaps also characterize a large number of other groups, for instance whites and Hispanics in the U.S. (Altonji and Blank, 1999) , Blacks and Pakistanis in the U.K. (Blackaby, Leslie, Murphy, and O'Leary, 2005) , Russians and Estonians in Estonia (Leping and Toomet, 2008) , Serbians and Albanians in Kosovo (Bhumaik, Gang, and Yun, 2006) , and Turks and Bulgarians in Bulgaria (Giddings, 2002) . Current treatments of the systematic difference in minority-majority wages focus on the personal characteristics of minority employees (i.e., education, job-related training, etc, see Altonji and Blank (1999) for a review), with employer discrimination assumed to drive the residual wage gap.
A couple of objections against discrimination-based explanations have been raised, however, most famously the paradox that competitive market forces should drive out discriminatory employers and thus lead to the extinction of wage gaps (Arrow, 1972 (Arrow, , 1998 . Arrow (1998) suggests that social networks, that is, job contacts and other social relations, may provide an alternative explanation for the existence of wage gaps.
The role of social networks in the labor market has been historically the domain of sociologists, see for example Granovetter (1974) for a classic reference. More recently, economists also have devoted attention to this topic. Montgomery (1991) considers a labor market model in which firms employ the social contacts of existing employees to find suitable workers. Job candidates that apply to a vacancy without having a contact at the firm suffer from adverse selection, and hence, firms offer higher wages to referred job candidates. Calvó-Armengol and Jackson (2004) explicitly model the social network as a graph of social links between employed and unemployed workers, in which employed workers forward vacancies to unemployed friends. They show that the probability of finding a job crucially depends on one's position in the social network; workers in 'central' positions have higher employment rates.
There is indeed ample empirical evidence that social networks matter for jobseekers, see Ioannides and Loury (2004) for an overview. On average about half of all workers find their jobs through friends and relatives (Montgomery, 1991) . Job search through social contacts is also cheaper and produces more job offers than formal methods (Holzer, 1988) . More generally, the sociological and economic literature has shown that one's individual network position matters for socioeconomic outcomes with regard to manager achievement (Burt, 1992) , technological diffusion (Coleman, Katz, and Menzel, 1966) , or school performance (Calvó-Armengol, Patacchini, and Zenou, 2009 ). However, while there is considerable micro-level evidence of the relevance of social network structure on individual economic outcomes, little is known at the macro-level. That is, with the exception of Eagle, Macy, and Claxton (2010) , there is no research on whether global structural properties of a community's social network are related to aggregate economic outcomes.
Existing micro-level evidence, however, is insufficient to establish the existence of a macro-level relationship between network structure and economic outcomes. The insufficiency of existing research follows from the well-documented (U.K.) telephone data at the community level. In contrast to Eagle, Macy, and Claxton (2010) , however, we focus on the relationship between ethnic and racial inbreeding homophily and ethnic and racial inequality. The Estonian telephone call dataset is unique as it also has information on the ethnicity of the telephone holder (as proxied by preferred language). Thus, we can measure the ethnic segregation of social networks directly, while Eagle et al. focus on network diversity in terms of time, space and structural holes.
We do not identify the causal direction of the relation between wage gaps and inbreeding homophily, nor do we intend to. Such causal identification is difficult in general, and in particular with non-experimental non-longitudinal data (Manski, 2000) . Instead, we provide a discussion of potential mechanisms leading to the above-mentioned relationship, namely discrimination and prejudice, residential and occupational segregation, and network effects. Future research should provide causal evidence for these mechanisms.
The rest of the paper is divided as follows. Section 2 discusses the network measure of homophily, and explains our empirical strategy. Section 3 presents the results for Estonia and Section 4 those for the United States, Section 5 includes discussion and Section 6 concludes.
Methodology
In this section we, first, discuss the social network measure that we focus on, inbreeding homophily. Next, we explain the empirical strategy. The main idea of our strategy is the following: in the first step we estimate the unexplained racial/ethnic disparities by regions, and in the second step we treat the estimated disparities as the new dependent variables. This parallels the methodology of Cutler and Glaeser (1997) and Charles and Guryan (2008) .
Homophily and inbreeding homophily
People often choose friends who are similar to them in important ways (Blau, 1977; McPherson, Smith-Lovin, and Cook, 2001 ). This basic principle, captured in the aphorism "birds of a feather flock together", is termed homophily in the social network literature (Lazarsfeld and Merton, 1954; McPherson, SmithLovin, and Cook, 2001) . Various types of segregation have been documented in labor markets (Hellerstein and Neumark, 2007) , electronic communication (Leskovec and Horvitz, 2007) and friendship relations (Mayer and Puller, 2008) .
Following Currarini, Jackson, and Pin (2009) , the relative frequency with which individuals socially interact with other people who are similar to themselves is captured by the homophily index.
1 Take a population N of size N , partitioned into two or more groups on the basis of personal characteristics, such as race or ethnicity. N t then denotes the size of the group N t containing people of type t, and w t = Nt N gives the relative proportion of individuals of type t in the population. Now, let s i equal the number of ties formed by individual i ∈ N with similar type individuals, and d i the number of friendships ties formed with different individuals. Given this, the homophily index is computed as:
The homophily index does not take into account the size of the group with members of type t. Indeed, given type-blind forming of ties, the expected value of h i would be the relative size of the group individual i belongs to, w ti . A simple and intuitive way to adjust for the group size results in inbreeding homophily, 2 defined as (Coleman, 1958) :
IH i can range between
(when a person has a strict preference for friendships with out-group members, termed heterophily) and 1 (when a person only forms friendships with in-group members), where IH i = 0 indicates no racial or ethnic bias (i.e., the ethnic composition of a person's friendship group mirrors the ethnic compassion of the regional population.) The inbreeding homophily index of group t is simply the average inbreeding homophily of its members
In our analysis, we focus on the inbreeding homophily index of the minority group. Empirically, several studies suggest that inbreeding homophily is non-monotonically related to the size of the minority group as a proportion of the population (Blau, 1977; Moody, 2001; Currarini, Jackson, and Pin, 2009 ). For example, homophily is lower among both minority and majority groups in schools where minority students make up only a small fraction of the student population. As the relative proportion of minority students increases, students are increasingly likely to choose friends from their own racial or ethnic group. Hence, inbreeding homophily levels are highest when ethnic minorities constitute a substantial proportion (e.g., 35-65%) of the local population.
Empirical strategy
Our aim is to relate the minority inbreeding homophily index of a community to the unexplained gap between majority and minority wages within that community. For this purpose, we follow a two-step strategy as in Cutler and Glaeser (1997) and Charles and Guryan (2008) .
As a first step, we estimate the wage gap by communities based on the common socio-economic characteristics. Because of the small size of the community samples and the low number of racial minority members, we do not employ the commonly used Oaxaca-Blinder decomposition (Oaxaca, 1973; Blinder, 1973) . Instead, we estimate a common wage regression for the complete data set. We capture the wage gap by including the vector of community dummies C, vector of ethnic minority dummies R, and the community and ethnicity cross-effects C · R. We also add the common socio-economic characteristics X. We model the individual wage as
We also include individual random effects in case of Estonian panel data. The parameter of the community-ethnicity cross-effects, α CR , captures the unexplained wage gap within the community, and the estimate of this parameter, a CR , is our measure of interest. The estimation method will depend on the dependent variable, either a continuous or categorical wage variable, and will be discussed in the sections on the results. We use different sets of individual-specific variables in X. This is because there is no consensus about the "right" set of explanatory variables; it also allows us to assess the robustness of the results. We estimate a number of models. The first model only includes a constant and gender; each following model nests the previous model and includes additional variables, see Appendix A for details on the sets of explanatory variables for both the Estonian and U.S. data.
The second step involves regressing the community wage gap on the inbreeding homophily variable, IH c , and the percentage of the ethnic minority within community c, w c :
Note that each observation corresponds to a community c. We estimate this equation by weighted least squares, in which we weight observations by the inverse of the variance of a CR,c , obtained in the first-stage wage regression 3 . Our primary interest is the estimate of the parameter γ 1 . If this coefficient is significantly different from zero, it suggests that social network structure, in this case inbreeding homophily, are (not necessarily causally) related to wage gaps at the community level.
Estonians and Russians in Estonia

Background
Estonia is a small country in North-Eastern Europe, bordering Russia and Latvia, with a population of about 1.3 million. Before the Second World War, almost 95% of the inhabitants were of ethnic Estonian background speaking Estonian, a language rather different from Russian. During the early years of the war, the country was seized by Soviet troops and later incorporated into the Soviet Union. The years of brutal Stalinist regime destroyed the relations between Estonians and Russians, which had been quite friendly up to that point. 3 As an alternative to the two-step procedure, it may seem attractive to perform the estimation in a single stage by estimating the individual wage regression in the form:
where IHc i is the estimated inbreeding homophily in the community of individual i, and α 0 , α IH , αc, α IHR and β are parameters. In that case, α IHR would be the main parameter of interest. However, if the true model is specified by equations (3) and (4), then a regression of model (5) would face an endogeneity problem. This can be seen by noting that under (3) and (4), the error term, η, would be a compound of ε and u ′ R, and hence, η would be correlated with the ethnic dummies, R. Hence, the two-stage procedure is more appropriate.
After the war, new industrial workplaces attracted many workers from the neighboring Soviet republics. This led to a substantial immigration of mostly Russian-speaking people, with Russian speakers constituting almost 40% of the Estonian population by the final years of the Communist Regime. Estonian language and culture were not directly threatened by the Soviet state (although use of Russian was strongly promoted), but the steady increase of Russian-speaking population gradually eroded the domains where Estonian was commonly spoken. In a number of industries, such as mining and merchant fleet, the army, and most of the large firms, the Estonian language was of little use. As a result, the native population was increasingly concerned about the future of their culture and identity. The authoritarian regime was unwilling to address the concerns of native Estonians, leading to a further deterioration in relations between members of the two language groups. Ethnic Estonians and Russians lived in a largely segregated country, working in largely segregated workplaces and following media outlets in their native language.
Estonia became independent again following the coup of August, 1991. The new country immediately began to implement policies that encouraged the use and teaching of Estonian while the Russian language, no longer compulsory in the school curriculum, began a retreat from public life. The new authorities introduced several measures favoring the native population, including granting citizenship based on knowledge of Estonian, now the sole official language of the country. After two decades of independence, the language groups are still far from being integrated. The relationship between them is commonly considered "normal" though somewhat tense in periods. Most notably, tensions exploded to large-scale riots in Tallinn in spring 2007. In everyday life, the two ethnic groups live in separate social worlds with limited intergroup contact. The separate worlds are also reflected in media which may present quite different viewpoints depending on the language (Korts and Kõuts, 2002) . There is little evidence about direct discrimination, but a survey suggests that 37% of Russian speakers perceive discrimination to be common (Pettai, 2002) .
In terms of labor market outcomes, ethnic Estonians earn about 15% more than Russians even after controlling for observable characteristics (Leping and Toomet, 2008) . The wage gap between the two groups did not exist during the years of Soviet rule, but emerged shortly after Estonia was granted independence. The wage gap has not decreased over time, but is today roughly the same size it was when it first appeared in the early 1990s. It is noteworthy that knowledge of Estonian language does not seem to have a major impact on the size of the gap except at the very bottom of the wage distribution (Toomet, 2011) , suggesting that language skills are not sufficient to erase the disadvantages experienced by Russian speakers.
Below, we investigate whether the above mentioned wage differential is related to inbreeding homophily in Estonia at the regional level. The regional units we look at are counties and municipalities. The country is administratively divided into 15 counties, population of which varies from 10,000 to 500,000; and the minority percentage from 0.01 to 0.80. The counties are good proxies for the local labor markets as they include an urban center within commuting distance of less than an hour for most of the inhabitants. Since the number of counties is small, we repeat the analysis at the finer level of municipalities as a robustness check. Estonia is administratively split to 241 municipalities. Due to small number of observations in most of them, we retain only regions which contain at least 10 observations of both ethnic group and hence our final data includes 55 municipalities. Although the sample size is dramatically larger, municipalities are far less perfect proxies for the local labor market.
Data
The analysis is based on two different data sources: landline telephone communication for the network data and a labor force survey to measure wage gaps.
The telecommunication data originates from a landline telephone service provider. We observe all private telephone calls in the providers network during a single day in 2006. The data covers about 200,000 phones and 450,000 calls. The dataset includes information that is needed for billing the contract holders, like caller and receiver ID, and duration and time of the call. We also observe the location (district and municipality) of the phones. In addition, the information on the preferred language of the contract holder, either Estonian or Russian, is collected by the telecom company for marketing purposes.
Our data are potentially subject to several types of errors that might bias our measure of inbreeding homophily derived from the telephone data and ethnic information. First, language may not be recorded on all accounts, or may be coded incorrectly. In most cases, the language information is collected only if it is not Estonian (the official language in Estonia). Second, as the land-line phones are household specific, multilingual households are coded as monolingual. Third, there may be systematic difference in use of land-line phones by different ethnic groups.
In order to assess whether any of these potential errors might bias our network measure, we compare the percentage of telephones with Russian-language contract holders to different measures on minority households by counties using year 2000 census data. Statistics Estonia divides households into singleand multi-language households according to the language. In Table 1 we compare the broadest and narrowest measure of households where Russian might be considered as the telephone language. The broadest measure includes all the households where at least one language other than Estonian is spoken (column NE), the narrowest are the single-language households where Estonian is not spoken (column NES).
In most cases, the percentage of Russian-language phones (w 2 ) is remarkably similar to the narrow measure of non-Estonian households. The main exceptions are Harju (the capital area) where w 2 is between the broad and narrow measure, and Russian-dominated Ida-Viru, where the percentage of Russian-language phones falls short of the narrow measure by 4 percentage point. We conclude that the language codes for the phones correspond well to the census household language data, and therefore we do not believe that our derived measure of inbreeding homophily is systematically biased.
We use the telecommunications data to directly analyze inter-ethnic communication. Although we observe just one of the possible communication channels, use of different communication channels is highly correlated (Haythornthwaite, 2005) . Moreover, the large data set allows us to analyze network characteristics at the regional level.
We construct an undirected network from the telephone call data. Any phone that was used on the day of analysis constitutes a node. We consider We exclude all the calls from/to another provider as we have no data on the caller/receiver. We also exclude loops, phones with erroneous location data, and phones that made more than 10 calls.
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We calculate the regional homophily measures as explained in Section 2.1 above. We take into account all the calls, taken and received by residents of the region, including connections to other regions. The analysis based on intraregional calls only did not reveal any substantial differences.
The relationship between inbreeding homophily IH and the minority percentage in counties and municipalities is given in Figure 1 . We see two clear hump-shaped curves, one for the majority and another for the minority population, similar to those reported in Currarini, Jackson, and Pin (2009) . In particular, the regional inbreeding homophily for Russian-speaking individuals ranges from about 0 to 0.6.
We now turn to the data for the wage regression models. We estimate the income models based on the Estonian Labor Force Survey (ELFS). The ELFS is conducted quarterly as a semi-rotating panel where each individual is surveyed 4 times over a 1 1 2 year time span. In all, around 4 000 individuals are interviewed each quarter. The most important variables in our study are the following. First, we observe the ethnic nationality, the ethnic background. Most people in the country identify themselves rather clearly with a distinct ethnic group which we code either as Estonian or non-Estonian. The vast majority of the latter use Russian as their everyday language, and hence below we use non-Estonians and Russians interchangeably. Next, we employ information about the last net monthly salary at the main job. Income from other jobs or other sources is not included. The survey also provides information about language skills, in particular the ability to communicate in Estonian. We introduce corresponding dummies for Estonian as well as for English and Russian. Finally, we include common socio-economic controls, such as age, education, and family status.
In order to increase the number of individual observations by smaller regions, we aggregate the individual ELFS observations between 2000-2010 for the counties (2000) (2001) (2002) (2003) (2004) (2005) (2006) for municipalities because of data limitations). We look only at the individuals between 20 and 60 years of age. Table 2 reports the average income (in Estonian kroons) by ethnic group, it's relative difference, sample size, and percentage of Russian-speaking workers for each county. We only present data for workers with positive reported wage. Analogous table for the municipalities is given in the Appendix C. Notes: Only individuals with positive wage reported. "wage E" and "wage R": average wage of Estonian-and Russian speakers respectively. "difference": relative difference of these wage measures "N": the number of observations in each county. "pct R": the relative percentage of Russian-speakers, based on the telephone data.
The table gives a picture of the counties, which vary widely in size and percentage of the minority population. The largest county is Harju (the capital region) with more than 13,000 observations, the smallest is Lääne with about 10 times fewer wage-earners in the sample. The Russian-speaking workers earn less in almost all the regions. Average Russian wages are 10-20% lower in most regions, with the largest difference of 27% observed in Harju county. The only region where Russian-speakers earn more than native Estonians on average is Pärnu county.
Results on wage gaps
We first investigate the relation between unexplained wage differentials and homophily. We estimate a Mincer-style wage equation, were we include common socioeconomic characteristics (in different combinations), such as gender, age, years of education, immigrant status, family status, and Estonian, Russian and English language skills, industry and occupation (see Appendix A). We also include a dummy for ethnicity and dummies for regions. The regionspecific unexplained wage differentials are captured by the ethnicity dummy in the corresponding regions (the cross-effects between ethnicity dummy and regional dummies). We choose to present the gaps relative to the average over all the regions (as in Suits, 1984) .
We calculate the regional wage gap by pooled ordinary least squares (OLS) and random effect models. As the pooled OLS model is strongly rejected by the Breusch-Pagan test, we focus on the random effect model below. Results of the first stage wage regression with random effects for model 2 at the county level are given in Table 7 in Appendix A.
In the second stage, we regress the estimated regional wage gaps, weighted by the corresponding variance estimates, on inbreeding homophily and minority fraction, both measured from the telephone call data set. The results are shown in Table 3 . The upper panel shows the results at the county level, and the lower panel at the municipality level. The relationship between the gap and inbreeding homophily is negative and statistically significant for all the models. The relationship is remarkably stable with respect to including different sets of explanatory variables in the first stage wage regression. Moreover, the estimated effect is large. The point estimate of -0.363 (Table 3 , Model 2, counties, random effect) suggests that a switch from a county without inbreeding homophily (random matching) to a fully segregated county is associated with an increase of the wage gap by 30 percentage points.
The relationship is represented graphically in Figure 2 . The negative slope is rather clear. We can also see that the unexplained gaps roughly correspond to the average differences in Table 2 (note that in the Figure, we plot the differences with respect to the country average).
The coefficient is lower for model 5, which includes industry and occupation controls, suggesting that industry and occupation of work are partly related to networks. Estimates of the pooled OLS model are of similar magnitude but slightly lower. The unexplained wage gap is computed from Model 2 using a random effects estimator We now turn to the relationship between wage differentials and inbreeding homophily for whites and blacks in the United States. First, we describe our data sources and the relevant variables.
Data
The U.S. analysis is based on the 2000 Social Capital Benchmark Survey (SCBS), set up by the Saguaro Seminar of Harvard University. The Benchmark study provides information on racial attitudes and interracial contact in social networks. SCBS is a telephone survey administered to approximately 30,000 adults living in 42 communities throughout the United States. A community typically corresponds to a metropolitan area or a county. A random sample of between 500 and 1500 respondents is available for each of the 42 communities, along with a 3000 individual national sample and several area specific racial or ethnic oversamples. 6 The response rate varied considerably across the communities, and averaged around 30%. The survey contains various measures of personal social networks, attitudes, socioeconomic background and income.
7 We exclude those areas where less than 10 black respondents were surveyed.
Three communities, St. Paul metropolis, Minneapolis and North Minneapolis, all lie in a single metropolitan area, twin city Minneapolis-St. Paul, and cannot be considered separate labor regions. Minneapolis-St. Paul is the only metropolitan area in the SCBS in which several communities were sampled, and we therefore analyze the data with and without the three communities in Minneapolis-St. Paul. This leaves us with 30 and 27 communities respectively.
The SCBS asks respondents a number of questions related to their personal networks. This provides information both on their network composition, types of people in their networks, and about how much time they spend socializing with those people.
To compute the racial homophily measure, we combine two socialization related questions. The first one assesses the general level of socialization and the second one the level of socialization with friends of a different race. The exact wording of these questions is the following:
FRDVISIT How many times in the past twelve months have you had friends over to your home?
FRDRAC How many times in the past twelve months have you been in the home of a friend of a different race or had them in your home?
To make the two questions comparable, we assume that socializing is reciprocal and doubled the estimated frequency of having friends over to one's home. Thus, the individual homophily index is:
We truncate h to lie in the interval [0, 1]. The individual inbreeding homophily IH i is calculated in the same way as defined in (2) where we use the minority percentages in corresponding communities for w i . These minority percentages are taken from census data by the designers of the survey. We then take the average over all black respondents within the regions to get the region-specific network measures.
Only information about total household income is available in SCBS. The income is reported in different intervals (<$20,000; $20,000-$30,000; $30,000-$50,000; $50,000-$75,000; $75,000-$100,000; and >$100,000). As SCBS includes fewer job-and human-capital related measures, we only estimate 3 different models with different sets of explanatory variables, see Appendix A. All these variables were taken from the SCBS. Table 4 presents summary statistics for each community. We can see that the average income for whites (income W) exceeds that of blacks (income B) in virtually every community. While the number of whites is in the hundreds in every community, the number of blacks is in many cases rather low, even below 30. Figure 4) , however, the presence of the "hump" is largely relying on the outlier. The curves for whites and blacks seem to fit well together.
Results
We estimate the association between the regional network segregation and wage gap with an approach similar to the Estonian case, that is, we first perform a wage regression according to (3). As SCBS reports income in intervals we use an interval regression for the first-stage regression (see Wooldridge, 2002, p. 509) . From this regression we obtain estimates of the community wage gaps. In the second stage, in order to quantify the relationship, we estimate an OLS model, explaining the estimated community wage gap by inbreeding homophily and minority percentage in the community where the observations are weighted by their estimated variance. As both inbreeding homophily and minority wage gaps may be related to the minority percentage, we regress the regional wage gap on both of these variables. We perform the estimations separately both including and excluding the communities in the Minneapolis metropolis region.
Results are presented in Table 5 . The table shows that the wage gap and inbreeding homophily are indeed negatively related. With Minneapolis region included, the coefficient for IH is significant, except for model 1, and the magnitude is large. Excluding the outliers, the estimates become statistically insignificant but their values remain essentially the same. Figure 4 plots the inbreeding homophily in the different communities against the residual wage gaps from model 3. The upper panel of the plot explains the role of the outliers; one community, namely North Minneapolis, has substantially lower IH value. Notes: "income W" and "income B": mean interval household income of whites and blacks, respectively; "difference": relative difference of these income measures; "N": the number of observations in each community; "pct B": the relative percentage of blacks in the community, based on U.S. census data.
However, a negative correlation of similar size is also present in the data of the other communities (lower panel). The fitted values suggest that the wage gap is 8 percentage points larger in a community with high inbreeding homophily (around .60) compared to a community with low inbreeding homophily (around .45). 
Potential Explanations
Our results indicate that a relationship exists between inbreeding homophily and wage gaps at the regional level, both in Estonia and in the United States. What drives these results? We discuss three possible explanations: discrimination, residential or occupational segregation, and social network effects. We do not intend to test or empirically dissect these explanations, as our data does not allow for a definite identification strategy. However, the discussion should give us guidelines for future research on this topic.
Prejudice and Discrimination
One oft-discussed explanation for differences in labor market outcomes is discrimination by the majority group. Becker (1957) provided the first economic analysis of discrimination and labor markets in cases where white agents have explicit preferences for market interaction with whites only. Since then, a large literature has studied the relationship between discrimination, both preferencebased and statistical, and labor market outcomes, see Charles and Guryan (2011) for a recent overview. In particular, Charles and Guryan (2008) find direct empirical support for Becker's theory of prejudice and sorting; namely, that black workers are more likely to work for the least prejudiced employers. If individuals have explicit preferences for market interaction with a particular race, then one should expect these racial preferences to be even stronger in the case of social interactions. The very same discriminatory preferences should therefore imply inbreeding homophily. Applying a revealed preference approach based on a model of racial preferences and meeting opportunities to high school friendship data, Currarini, Jackson, and Pin (2009) indeed find that high school children have discriminatory preferences; they value a friendship with a child of a different race at only 80% of the value of a friendship with a child of the same race. Wimmer and Lewis (2010) estimate an ERG model on Facebook data of college students. They, too, find that ethnicity-based preferences are a main driver of homophily, although not the only one. These two studies provide evidence that inbreeding homophily is at least partially driven by discriminatory preferences. It is therefore plausible that these discriminatory preferences at least partially drive both inbreeding homophily and wage gaps, hence the relation between them. This hypothesis may be examined by repeating the analysis for the United States, but including a variable that measures the amount of prejudice within a particular region, similar to the approach of Charles and Guryan (2008) . If the relation between homophily and wage gaps is driven by discriminatory preferences, then including a proxy for the mediating factor (i.e., prejudice) should reduce or eliminate the estimated relationship between homophily and wage gaps.
Residential Segregation
Another branch of the literature suggests that ethnic wage gaps are related to residential segregation with social networks playing only a minor role. This explanation suggests that residential segregation is the primary cause or consequence of ethnic wage gaps, and inbreeding homophily is just a residual effect of residential segregation, without necessarily having a feedback effect on the labor market.
Naturally, residential segregation leads to inbreeding homophily. Residential proximity is still a primary force behind friendship formation. Hence, residential segregation limits the opportunity to meet and befriend members from other races or ethnicities, leading to inbreeding homophily (Wimmer and Lewis, 2010) .
Theories on why segregation may be related to wage gaps, often refer to local human capital externalities (Benabou, 1993; Lundberg and Startz, 1998; Sethi and Somanathan, 2004) . Indeed, there is a substantial heterogeneity in school quality, many of the lower quality schools being located in ghettos.
In the United States, residential segregation according to race is all too present and a primary policy concern. It has been an object of intense study, both in theory, in measurement and in its relation to discrimination and economic inequality (Cutler and Glaeser, 1997; Echenique and Fryer, 2007; Cutler, Glaeser, and Vigdor, 2008) . Although earlier studies suggested that more residential segregation leads to more racial inequality (Cutler and Glaeser, 1997; Bayard, Hellerstein, Neumark, and Troske, 1999) , later studies suggest that the relationship might be negative instead, and that it depends on circumstances such as income level (Charles and Guryan, 2008; Cutler, Glaeser, and Vigdor, 2008) .
The Estonian case, however, strongly suggest that residential segregation is not a likely explanation of the observed relationship -at least not in Estonia. This is in part because neighborhoods have never been as segregated in Estonia as they are in the United States. For example, the capital Tallinn has a Russian minority of around 40%, but none of the neighborhoods has a Russian population of more than 75% (Toomet, Silm, Saluveer, Tammaru, and Ahas, 2012) . More striking evidence against the residential segregation thesis, however, comes from the swift emergence of a wage gap shortly after Estonian independence in 1991 (Leping and Toomet, 2008) . No wage gap existed prior to 1991, and it is unlikely that segregation increased rapidly enough after 1991 to have played a major role in the initial emergence of a wage gap during the early 1990s. This suggests that residential segregation did not play a major role in the emergence of a wage gap in Estonia, although it may play a smaller role in sustaining the gap once established via other mechanisms.
Notwithstanding the compelling evidence provided by the Estonian natural experiment, one might still wish to use statistical controls to assess the potential contribution of residential segregation to both inbreeding homophily and labor market outcomes. Such an exercise would require that measures of both segregation and network homophily be included in a single regression. As these measures are almost certainly highly correlated, research along such lines would require the use of exceptionally high-quality data. To our knowledge, such data are not currently available.
Structural Network Theories
A third possibility is that homophily in social networks causes wage differentials between ethnicities and races. Members of minority groups might find it more difficult to find jobs if they lack the social ties to members of the majority group, who often possess more and better quality information about available jobs. Minority groups who prefer to form friendships with those from a similar racial or ethnic background might inadvertently limit their access to job information.
There is a large body of empirical literature about job search channels and job quality at the individual level, see Granovetter (1974) for an overview. Fewer studies analyze the relationship between ethnic or racial wage gaps and network properties. Ioannides and Loury (2004) note that the use of friends and relatives for job search differs across racial and ethnic groups. However, they stress that it is difficult to interpret that variation. Hellerstein, McInerney, and Neumark (2008) suggest that race matters -low-skilled blacks get jobs only when employer hire other blacks.
An in-depth case study by Royster (2007) of 25 white and 25 black graduates from the same vocational school identifies several mechanisms that put black graduates at a disadvantaged situation when entering the labor market. In particular, black students have fewer and less powerful contacts than those of those of their white peers. White students were more likely to have established and maintained social contacts in "all male and all-white spaces", such as bars and taverns.
Although homophily may sustain temporary wage gaps, it is not obvious that homophily should lead to persistent wage gaps in models where job contacts matter, unless one assumes that the disadvantaged group has fewer job contacts for exogenous reasons. Calvó-Armengol and Jackson (2004) argue that small gaps in labor outcomes are magnified by drop-out decisions. If only employed or high-wage workers provide job references, then ethnic minority members with many unemployed job contacts are more likely to drop out of the labor market, which negatively affects the drop-out decisions of their friends, leading to a substantial difference in drop-out decisions and unemployment rates between the ethnic minority and the majority.
Van der Leij and Buhai (2008) have an explicit model in which inbreeding homophily creates persistent unemployment and wage gaps through occupational segregation. A key factor in this model is the education decision that individuals make before entering the labor market. Individuals prefer to choose the same education as the majority of their ethnic group, as inbreeding homophily leads them to believe that they obtain more job contacts, and hence better job opportunities, by doing so. These benefits in terms of job opportunities outweigh the potential disadvantage of a lower wage.
Conclusions
In this paper we analyze the relationship between network segregation, that is, inbreeding homophily, and unexplained wage gaps. We consider two very dif-ferent societies and labor markets; ethnic Estonians and Russians in the former Soviet republic of Estonia, and black and white workers in the United States. For this purpose, we employ three data sources: the Social Capital Benchmark Survey 2000 (SCBS) for the U.S. network and income measures, telecommunication data for the Estonian network, and the Estonian Labor Force Survey (ELFS) for the income measures.
For both the U.S. and Estonia, we establish a negative relation between wage gaps and network segregation. Less contact between the racial or ethnic groups is related to larger unexplained gaps disfavoring the minority group. The negative correlation persists even when controlling for the relative size of the minority population in the region.
We then discuss three possible reasons for this relationship:1) discrimination and prejudice in both the friendship selection and employer hiring processes; 2) differential investment in human capital due to residential segregation producing both network segregation and the wage gap; and 3) minority difficulty in finding jobs due to network segregation, particularly in light of labor force drop-out and peer-influenced education decisions. None of the three mechanisms discussed is well understood. Moreover, it is likely that all three mechanisms are shaping observed outcomes simultaneously, making it more difficult to disentangle their relative contributions to observed wage gaps. Distinguishing between the proposed mechanism would require better longitudinal data on both labor markets and network segregation, in particular the segregation in job contact networks, and these data are not currently available.
However, for policy purposes, understanding and empirically disentangling these mechanisms is important. With the advent of job contact social networking sites, such as LinkedIn, we hope that a better understanding of the relationship between social, segregation and inequality will be within our reach.
A First stage regressions
A.1 Explanatory variables Table 6 explains the explanatory variables in the first stage regressions for all the Estonian and U.S. models. The variables are analogous, but not exactly the same due to institutional differences and data availability. Notes: Only individuals with positive wage reported. "wage E" and "wage R": average wage of Estonian-and Russian speakers respectively. "difference": relative difference of these wage measures "N": the number of observations in each county. "pct R": the relative percentage of Russian-speakers, based on the telephone data.
